High resolution hydrogen profiling in superconducting materials by ion beam analysis (ERD-EXB)
Most superconducting r.f. cavities are made of Nb. Their performance are closely related to the purity of Nb's surface. Adequate characterization tools are needed to qualify the cavity surface. An improvement of the classical ERD method of hydrogen analysis has been achieved by using an electromagnetic (EXB) filter. Thus the depth resolution in Nb was of 17 nm. This method was used to select the best procedure for bulk and thin coated Nb cavity fabrication.
Introd uction
Given its importance for the construction of future large particle accelerators, the technology of superconducting r .f. cavities has received recently a sustained Research and Development effort. An important subtopic pertaining to this activity deals with the cavity surface. The quality of r.f. superconducting cavities is closely related to the purity of the cavity surface whatever the manufacturing process involved.
In the case of niobium cavities made from millimeter thick sheets, elaborate methods to purify niobium have been developped, leading to an increased thermal conductivity and enhanced cavity stabilityl. However several laboratories have recently observed a degrada tion of the superconducting properties related to the conditions of the cooling process 2 ,a,4,5.
This effect seems to stem partly from hydrogen contamination which occurs during surface treatment G • The only solution adopted so far to overcome this loss of r.f. superconducting properties is a high temperature annealing (up to 1000 K) in a DHV furnace.
Another possible cavity manufacturing procedure is to deposit a thin superconducting film into a cavity made of a material with high thermal conductivity such as copper. The magnetron sputtering deposition technique was first applied at CERN to make 7 the 350 MHz NbjCu cavities of the Large Electron Positron Colider. This technique is now extended to reactive sputtering deposition 8 of niobium compound films such as NbTiN because of their higher critical temperature. The superconducting properties of the deposited films are shown to be affected by parameters such as grain size, grain boundary, and impurity content most importantly by oxygen and hydrogen which are shown often to occur together. This paper reports on high resolution hydrogen profiling of superconducting materials by ion beam analysis and the correlation between Hand 0 impurities in the different steps of the preparation. In the first part we will present the experimental procedure. The second part will be devoted to Hand 0 contamination analysis in mm thick niobium sheets used for manufacturing cavities. In the third part we will present the contaminant control results for each of the successive steps in the deposition procedure.
Experiment
The experimental uses alpha beams delivered by the 4 MV Van de Graaff accelerator of the Institute of Nuclear Physics in Lyon. The samples to be analyzed are positioned in a vacuum chamber (10-7 Torr cryopumping) equipped with liquid nitrogen cooled traps.
The main part of the present analysis concerns the hydrogen profiling for which a device of high resolution has been designed. However, as the hydrogen and oxygen contaminants frequently go together, we give some details on the oxygen profiling as well.
2.1 Hydrogen profiling. The elastic recoil detection (ERD) technique suggested by L'Ecuyer et al. 9 is now a technique of choice for determining the depth distribution of hy drogen isotopes in the first several hundred nanometers of a surface. The energy distribution of light impurities recoiled from a target is analyzed by a surface barrier detector placed after a filter foil. The filter foil thickness is chosen in order to stop the elastically scattered beam particles. As energy straggling in the filter foil worsens the depth resolution, various methods 1U ,11 have been suggested to avoid this problem. In this paper we present H depth profiling using an ,E~IL:fi11~t-_with2.5__M.eV alpha incident beam. This general method has been first proposed by G. Ross et al. 1l in order to profile H and He isotopes in light materials (Z < 20) using elastic recoil induced by 350 ke V incident alpha particles. We adopted this technique to the analysis performed by 2.5 MeV incident alpha particle beam, the aim being to increase the depth probe and to extend the analysis to heavy targets up to Z = 41. The experimental device is shown on Figure 1 . The optimization of the detection geometry13,14
corresponds to a detection angle of 30 0 and an alpha beam incident at an angle of 75 0 with respect to the normal to the target surface. The length of the EXB filter is 115 mm. 3 A 0.37 x 4 mm 2 collimator is placed at the entrance of the EXB filter which is located at a distance of 150 mm from the target. Therefore the detection solid angle is 6.6 10-5 steradian.
Such a narrow collimator is needed in order to select only particles with velocities parallel to the detection direction. The EXB filter is employed in an achromatic mass and charge selector mode. By varying the EjB ratio, this filter selects a given ion while keeping the ion deflection almost energy independent. In our system the B field is created by a permanent magnet. The mean field is 2.9 kG with variations within the cell of less than 5%. The E field 1 can be varied from 0 to 25 kV cm-but proton achromatism is reached around 15 kV cm-1 .
An example of the energy independant ion deflection is given in Figure 2 . This figure shows the results of trajectory simulation, assuming that the velocity of the scattered particles is parallel to the detection direction and that the electric field is equal to 15 kV cm-I . One can observe that the proton recoil energy from 500 keY to 1.2 MeV is focused on a deflexion length less than 3 mm and is clearly separated from the He+ and He 2 + ions. In our energy range, the hydrogen recoils as a H+ ion with the contribution of neutral atoms negligibleI 5 • However, as we are analysing heavy targets (Z = 41) we are confronted with a background observed in the H spectra. Because, alpha scattering cross section on niobium is very large, the number of alpha particles with a velocity component perpendicular to the detection direction is not negligible. These ions scatter on the high voltage plates, giving rise to a continuous background increasing at low energy. We used beryllium plates in order to minimize this effect, but we did not succeed in completly avoiding this problem. This effect starts to be important for samples of atomic number larger than 25. An example of H distribution measured on a niobium sample is given on Figure 3 . The H profile is obtained after background substraction. The background was fit to a polynomial expression which includes both the low energy background contribution and the sparse counts observed at high energy. This effect limits the depth probed and the sensitivity obtained.
In case of hydrogen analysis in Nb samples the depth probe was restricted to 200 nm with a surface depth resolution of 17 nm and a sensitivity limit of 0.5% atomic concentration. is less than 10 at % at the surface and the inner contamination is around 2 at %.
We used for the rest in the present work only sheets of the same origin as sample 2 to study the influence of the chemical treatments. The results are given in Table 1 Length (mm) L.
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